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Background and study aims: Drugs administered
during gastrointestinal procedures cause in-
creased collapsibility of the upper airway, which
may lead to respiratory impairment. We evaluat-
ed the ability of continuous negative external
pressure (cNEP) to lessen respiratory impairment
during screening colonoscopy.

Patients and methods: The initial 24 patients
served as controls, while the next 30 received
cNEP. cNEP was delivered by a soft silicone collar
placed over the anterior neck. The primary
endpoint was the frequency of respiratory im-
pairment, defined as either: (i) a decline from
baseline of >4 % in oxygen saturation, or (ii) apnea
lasting > 20 seconds.

Results: Mean respiratory impairment episodes
were 3.50 in the no-cNEP group vs. 1.92 in the
cNEP group, a reduction of 45% (P=0.022). Ap-
neas >20 seconds occurred in 74% of the no-
cNEP group and 28% of the c¢cNEP group (P=
0.002). While 42 % of the no-cNEP group required
increased supplemental oxygen, this was true for
only 10% of the cNEP group (P=0.01). cNEP ad-
verse events were minimal.

Conclusions: During screening colonoscopy, seda-
tion-related respiratory impairment is signifi-
cantly reduced by cNEP.

ClinicalTrials.gov NCT01895062.

Introduction

v

Medications administered for sedation and an-
algesia can diminish respiratory drive and reduce
tone in airway dilator muscles. This can lead to
upper airway obstruction, with resultant apnea
[1]. Indeed, when ventilation is assessed during
endoscopic procedures, apneas are common and
are associated with reduced oxygen saturation
[2-4]. Upper airway dysfunction is of particular
concern in clinical settings, such as colonoscopy,
where an anesthesiologist may not be routinely
present. In such circumstances, the availability of
a simple to use, noninvasive device to support air-
way patency could be particularly beneficial.
Continuous negative external pressure (cNEP) is a
new approach which modifies the spatial relation-
ships of the soft tissue structures of the pharynx so
that airway collapse is retarded. cNEP is applied by
means of a soft silicone collar (Sommetrics, Inc.,
San Diego, California, USA) placed below the
mandible which makes a seal on the anterior sur-
face of the neck (© Fig.1). Tubing from the device
is attached to a vacuum pump, which creates a
negative pressure of 45cm H,0 within the collar.
We hypothesized that by retarding upper airway

collapse, cNEP would lessen the frequency of re-
spiratory impairment during colonoscopy.

Patients and methods

v

Patients

This study was conducted in adults undergoing
screening colonoscopy at Scripps Green Hospital
(La Jolla, California, USA). Participants were re-
quired to provide written informed consent.

Study design

All patients received standard care, as routinely
provided at the study site, which includes the
use of intravenous sedative and analgesic agents,
the administration of oxygen at 2L/min by nasal
cannula, and monitoring according to published
guidelines [5,6]. Moderate sedation was achieved
by an initial bolus of 2-3mg midazolam plus
either 25-50mg meperidine or 25-50 mcg fen-
tanyl. Additional doses were administered every
2 minutes as required. If in the course of the pro-
cedure the patient’s peripheral capillary oxygen
saturation (SpO,) fell below 92 %, oxygen delivery
was increased.
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Fig.1 The continuous
negative external
pressure (cNEP) device,
which makes a seal on
the anterior surface of
the neck so that a
vacuum pump can be
used to create a nega-
tive pressure within the
collar.

The initial group of approximately 25 patients was to receive
standard care (the “no-cNEP” group). If >30% of this cohort had
at least one episode of respiratory impairment, the next 25-30
patients would receive standard care with the addition of cNEP
(the “cNEP” group). It was not possible to blind treatment assign-
ment because a sham condition could not be maintained - a col-
lar without negative pressure applied does not remain in place.
This study was approved by the Scripps Human Subjects Protec-
tion Committee (IRB-12-5897) and was registered at Clinical-
Trials.gov (number NCT01895062).

Procedures

Demographic and other baseline data were collected on all enrol-
led patients. During the procedure, comprehensive respiratory
monitoring was performed using the NOX-T3 monitor (CareFu-
sion, San Diego, California, USA), which continuously measures
oxygen saturation, as well as nasal airflow and respiratory effort.

Outcome measures

The single prespecified primary outcome measure was the fre-
quency of respiratory impairment, defined as either: (i) a decline
in SpO, of >4% from baseline lasting longer than 20 seconds, or
(ii) an episode of apnea of at least 20 seconds [7]. Secondary out-
come measures, which were considered supportive and explora-
tory, included the frequency and nature of apneas of at least 20
seconds’ and of at least 30 seconds’ duration and the frequency
of falls in SpO, of >4 % from baseline.

Statistical analysis

Assuming the standard deviation (SD) of respiratory impairment
to be 1.5, with a two-sided significance level of 0.05, a sample size
of 50 total patients provided a power of 80% to detect at least a
33% decrease in mean episodes of respiratory impairment with
cNEP (Student’s t test). Such a decrease was deemed to be clini-
cally significant.

Demographic and clinical data were summarized by calculating
mean values for continuous data, and percentages for categorical
data. The no-cNEP and cNEP groups were compared using the
Student’s t test for continuous data and Fisher’s exact test for ca-
tegorical data. All P values were two-sided, with an alpha of 0.05.
Propensity score matching [8] and multiple imputation modeling
with sensitivity analyses [9] were performed to confirm the find-
ings in this non-randomized study.

Table1 Demographic details of the 54 patients who underwent screening
colonoscopy either with or without the use of the continuous negative exter-
nal pressure (cNEP) device.

Overall No cNEP cNEP used
(n=54) used (n=30)
(n=24)
Sex
Female 27 9 18
Male 27 15 12
Age, years
Mean + SD 59.5+12.5 60+12.2 60+13
Maximum 78 77 78
Minimum 33 34 33
BMI, kg/m?
Mean = SD 26+5.1 25.9+4.6 26.8+5.6
Maximum 49.7 35.0 49.7
Minimum 19.7 19.7 19.9
STOP-BANG score*
Mean £ SD 2.6%+1.6 2.8+1.5 2.4+1.8
Maximum 6 5 6
Minimum 0 0 0

SD, standard deviation; BMI, body mass index.
* STOP-BANG obstructive sleep apnea score [10].

Results

v

Demographic and clinical characteristics

As shown in © Table1, all of the demographic parameters were
similar between the groups, except that the cNEP patients con-
tained a somewhat greater proportion of women. The two
groups were comparable with respect to all drug doses and the
duration of the procedure. The cecum was intubated in every pa-
tient.

Outcome measures

The primary outcome measure was respiratory impairment, as
previously defined. The no-cNEP group experienced a mean of
3.50 episodes of respiratory impairment (95 % confidence inter-
val [CI] 2.3-4.64) vs. a mean of 1.92 (1.10-2.75) in the cNEP
group (P=0.022). This mean difference of 1.58 episodes repre-
sents a 45% reduction with cNEP.

© Table 2 summarizes the occurrence and nature of apneas of at
least 20 seconds’ duration. In the no-cNEP group, 74 % of patients
had one or more such apnea episodes, whereas in the cNEP
group, this was the case in 28% (P=0.002). The mean number of
apneas (all types) was 1.78 in the no-cNEP group (95%CI 0.97 -
2.60) vs. 0.38 (0.10-0.66) in the cNEP group.This difference was
highly statistically significant (P=0.0006). The mean number of
obstructive apneas was reduced by more than 10-fold in the
cNEP group vs. the no-cNEP group (P=0.006). The findings for ap-
neas of at least 30 seconds’ duration were similar to those using
the 20-second definition, but were generally even more marked
in favor of cNEP.

Oxygen supplementation above the 2-L baseline level was admi-
nistered in 42% (95%CI 24 %-61%) of the no-cNEP group vs. 10%
(3%-26%) of the cNEP group (P=0.01). Only a single patient
(cNEP group) required “jaw thrust” in response to an episode of
apnea.

Using a variety of assumptions that biased against cNEP, propen-
sity score matching and multiple imputation analyses showed
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No cNEP used
(n=23)
Apnea, all types
Mean number of episodes 1.78
(95%Cl) (0.97-2.60)
Patients with one or more episodes 74%
(95%Cl) (53%-88%)

Obstructive apnea

Mean number of episodes 0.91
(95 %Cl) (0.31-1.61)
Patients with one or more episodes 39%
(95 %Cl) (22%-59%)

Central apnea

Mean number of episodes 0.74

(95 %Cl) (0.11-1.22)
Patients with one or more episodes 39%

(95 %Cl) (22%-59%)

Mixed apnea

Mean number of episodes 0.13
(95%Cl) (0.03-0.38)
Patients with one or more episodes 13%

(95 %Cl) (3%-38%)

Cl, confidence interval; NS, not significant.

that the cNEP effect remained robust in spite of the sex imbalance
and other possible confounders (data not shown).

Adverse events

In 12 of the 30 patients who used the cNEP device (40 %), mild cu-
taneous erythema was noted at the site of contact of the cNEP
collar with the neck. In all cases this resolved within 20 minutes
without sequelae. No other adverse events were observed, and
there were no clinically significant differences in vital signs be-
tween the two groups at any point.

Discussion

v

This is the first report demonstrating the benefit of cNEP in redu-
cing sedation-related respiratory impairment. cNEP not only sig-
nificantly reduced the frequency of respiratory impairment, it
also significantly reduced the number of apneas of all types and,
even more markedly, obstructive apneas. Moreover, cNEP was
associated with reduced need to increase supplemental oxygen.
These broad and consistent effects indicate that cNEP may be an
effective method for preventing respiratory compromise due to
airway obstruction associated with the use of sedatives and opi-
ate analgesics for endoscopic procedures.

In accordance with its postulated mechanism of action, cNEP
strikingly reduced the occurrence of obstructive apneas but not
of central apneas, which are the result of sedative medications
on respiratory drive. There was only a single intervention to re-
lieve airway obstruction in the entire cohort, even though 17 pa-
tients in the no-cNEP group and five in the cNEP group had at
least one apnea episode of at least 30 seconds’ duration. Indeed,
seven of the episodes (six in the no-cNEP group) were longer
than 1 minute in duration. This suggests that the clinical staff
may not have detected even sustained apnea in many patients.
This is consistent with a previous study showing that sedation-
related apneas are not well appreciated by clinical assessment
[2].

Innovations and brief communications

cNEP used P value Table2 Comparisonin the

(n=29) 52 evaluable patients of the
occurrence and nature of apneas
of at least 20 seconds’ duration

0.38 00 between the groups managed

(0.10-0.66) with and without the use of the

28% 0.0018 continuous negative external

(15%-46%) pressure (cNEP) device.

0.07 0.0061

(0-0.22)

7% 0.0066

(1%-23%)

0.31 NS

(0.06-0.56)

24% NS

(12%-42%)

0.0 0.046

(0-0)

0% NS

(0%-0%)

This study has several limitations. The protocol called for conse-
cutive enrollment to the no-cNEP group, then to the cNEP group,
in order to verify that respiratory impairment occurred frequent-
ly enough in controls to justify exposing patients to cNEP. We be-
lieve that these non-randomized results are nonetheless robust
because demographics (except sex) and all procedure character-
istics were quite similar between the groups. Propensity score
and sensitivity analyses showed the results to be sustained even
after adjustment for sex imbalance, as well as for other possible
confounders.

Because it was impossible to maintain a sham cNEP condition,
treatment assignment could not be masked. However, evaluation
bias is unlikely as the key outcome measures, including the com-
ponents of the primary endpoint, were recorded and analyzed
electronically, avoiding observer bias [11,12].

These findings have several implications for gastroenterologists.
Colonoscopy is one of the most common gastroenterology proce-
dures performed with moderate sedation. Our observations,
using sensitive respiratory monitoring equipment, build upon
previous studies [2,3] which indicate that apnea is common in
this setting and may not be well recognized by endoscopy per-
sonnel. The frequency and duration of apneas, some of which
were associated with declining oxygen saturation, indicate the
potential to adversely affect patient safety. Notably, respiratory
impairment is the most common specific cause of medical liabili-
ty cases associated with monitored anesthesia care [13].

In conclusion, in this pilot study cNEP dramatically reduced the
occurrence of respiratory impairment, especially obstructive ap-
neas, and the need for increased supplemental oxygen delivery.
Because it is simple to use and appears to be well tolerated, if
these results are confirmed, cNEP could prove to be a valuable ad-
junct to improving the safety of procedures involving endoscopy
with mild-to-moderate sedation.
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